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INTRODUCTION 

o«a„gr8pter  of  the  „avy  ta,  supported  a  C0Bprehensiye  envlronocntBi 

survey  Of  two  ocean  sites,  in  the  Atlantic  and  facific,  where  surplus  a„a  obsol(!te 
..unuxcns  had  been  dunped  in  water  (1)  ae  atlrvey  ^  ^ 

whether  the  munitions  bad.  in  any  measurable  way,  altered  the  environment.  Our 

Part  of  the  task  was  to  search  for  explosives  contamination  in  the  sea  vater  and 

m  the  ocean  floor  sediment  and  fauna.  In  a  previous  closely  related  study,  a 

method  vas  developed  for  the  quantitative  analysis  of  explosives  in  sea  water;  and 

results  were  reported  on  sea  mate-  sample,  taken  ,t  two  munitions  •’um-rg  areas  (2). 
VEST  COAST  SURVEY 

sea  water,  oedieent  and  ocean  floor  fauna  sseplea  taken  in  September  19T1 

dUri“*  “Mt  °08St  ^  «tea  XV!  through  XX  were  received 

at  the  Have!  frdnence  laboratory  late  in  September.  Veter  saapleu  .ere  stotwd  <n 

•  refrigerator  while  sedieen-  and  fawns  apples  were  stored  in  the  freeter  coepart- 

-t.  !he  refrigerator  had  never  been  used  for  storage  of  evolves,  prior  to  its 
us~  for  the  oceanographic  samples. 

Description  of  Samples 

(a)  Sea  Water 


Semple  Bottle 

5 

6 
11 
12 


Station 

1 

1 

2 

2 


Distance  above 
Bottom,  Meters 

20 

0 

20 

2 


location 


16.3'  n  127°  0. 29'  w 
l*c°  16.3'  N  127°  0  20’  w 
22.8'  n  126°  5.5.2'  W 

22.8'  N  12<°  55.2-  w 
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Water  samples  taken  at  stations  3,  4  and  5  did  not  eurv_v;  shipment  to  our 
laboratory  as  the;,  were  packed  in  dry  ice.  !Hie  bottles  were  very  badly  cracked, 
to  the  extent  the  samples  could  not  be  used. 

(b)  Sediment 

Sample  Depth, 


Station 

Meters 

Location 

1 

2621 

48°  16. V  N 

127°  05.3'  W 

2 

259^ 

43°  22.2'  N 

126°  55-2'  W 

3 

2586 

43°  08.0'  N 

227°  04.7'  W 

4 

2553 

47°  50.5’  N 

127°  02.5’  W 

5 

2043 

48°  37.6’  N 

1270  00.5'  w 

(c)  Fauna 

Station 

Trawl 

Type 

Location 

1 

1 

Rat  Tall  Fish 

48°  17.9'  N 

127°  05.5'  W 

1 

2 

Sea  Cucumber 

48°  18-35'N 

327°  00.8’  W 

2 

3 

Sea  Cucumber 

48°  21.5’  » 

126°  56.4’  w 

3 

7 

Sea  Cucumber 

48°  07.7'  N 

127°  04.6’  W 

5 

10 

Rat  Tail  Fish 

48°  38.7'  N 

126°  57-5’  w 

We  received  no  sample  from  station  4. 


EAST  COAST  SURVEY 

Sea  water,  sediment  and  ocean  floor  fauna  samples  taken  in  December,  1971, 
during  the  East  Coast  Survey  of  Deep  Water  Dump  Site  IX  were  received  at  the 
Naval  Ordnance  Laboratory  late  in  December. 

Description  of  Samples 
(a)  Sea  Water 


Sample  Depth, 
Meters _ 

958 

2036 


Sample  Mo. 
1 
2 


Station 
2  Lisa 
2  Lisa 


Location 

310  44.2'  h  y6°  54.4'  w 
31°  44.2'  H  76°  54.4'  W 
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Sea  Water  (Cont .  ) 

Sample  No .  Station 

Sample  Depth, 
Meters 

Location 

3  2  Lisa 

2150 

31°  44.2'  N 

76°  54.5' 

w 

4  2  Lisa 

2167 

31°  44.2'  N 

?6C  54.4- 

w 

5  2  Lisa 

2215 

31°  44.2’  N 

76°  54.4- 

w 

6  2  Lisa 

2242 

31°  44.2’  N 

76°  54.4’ 

w 

(b)  Sediment 

Station 

Depth,  Meters 

Location 

1 

2255 

31°  39-44'  N 

76°  55-74 

•  w 

c 

2255 

31°  43.95’  N 

76°  54.00 

’  w 

(c )  Fauna 

Type 

Depth, 

Trawl  Meters 

Location 

1  Fhormosoma  sp. 

1  2500 

31°  46.1'  N 

7 6°  52. 0’ 

w 

6  Bathypectinura  sp.; 

1  2500 

31°  46.1’  N 

T60  52.0 ' 

w 

1  fi.-h 

AHALYTI-JAL  PROCEDURES 

A.  Organic:  HIT,  RDX,  Tetryl 
(s)  Sea  Water 

Hie  detailed  procedure  for  the  ultramicro  analyses  of  TNT  RDX,  and  Tetryl  in 
sea  vater  samples  is  described  in  reference  (2).  However,  briefly  outlined:  a 
100  ml  sample  of  sea  water  is  extracted  with  30  to  40  ml  benzene;  the  benzene  ia 
evaporated  to  a  small  volume  and  injected  into  a  research  ges  chromatograph 
equipped  with  a  high  temperature  nickel  63  electron  capture  detector-  Chromato¬ 
graphic  traces  of  the  sea  water  extracts  are  compared  to  the  chromatographic 
traces  of  standard  solutions  of  TNT,  RDX,  and  Tetryl.  Retention  times  and  areas 
of  peaks  are  measured  by  means  of  an  automatic  digital  .'-te^rator  to  an  accuracy 
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of  +1  second  for  retention  times  and  an  integration  area  count  of  approximately 
9  counts/nm2.  Detection  levels  for  TNT,  RDX,  and  Tetryl  have  been  determined  to 
be  2,  5,  and  20  parts  per  trillion,  respectively,  under  normal  routine  working 
conditions . 

(b)  Sediment 

A  modification  of  the  procedure  given  in  (a)  was  used  for  the  analyses  of 
TNT,  RDX,  and  Tetryl  in  sediment  samples.  Seventy- five  to  100  grams  of  the  sedi- 
nent  sample  were  stirred  or  triturated  with  50  ml  benzene  depending  on  the  sample 
consistency.  The  benzene  extract  was  decanted  into  a  100  ml,  r.b.  flask  for 
vacuum  evaporation.  Benzene  extracts  were  centrifuged  prior  to  evaporation  only 
in  those  cases  where  the  solutions  were  turbid. 

After  evaporation  of  the  benzene  extract  under  reduced  pressure  (l7-20mm/20°C), 
the  flask  was  rinsed  with  1.0  ml  of  pesticide  quality  benzene  and  transferred  to 
a  5-0  ml  teBt  tube.  The  benzene  was  again  completely  removed  under  reduced  pres¬ 
sure.  A  total  of  0.050  ml  of  benzene  was  added  to  the  residue  and  after  swirling 
and  mixing  the  contents  of  the  test  tube,  0.025  ml  of  this  solution  were  spotted 
along  a  narrow  band  in  5  separated  spots  onto  a  ChromAr  500  TLC  sheet  (glass  fiber 
thin-layer  chromatographic  (TLC)  paper  consisting  of  70  percent  Sill car  TLC  TF 
containing  a  short  wave,  254  nm,  UV  phosphor  on  30  percent  glass  fiber).  Simul¬ 
taneously,  a  standard  mixture  of  TNT,  RDX,  and  Tetryl  In  benzene  was  spotted  to 
the  right  of  this  band,  as  a  guide. 

The  fluorescent  ChromAr'  sheet  was  developed  in  an  ascending  manner  with 
hexane/acetone:  45/5  as  eluent.  After  air-drying  the  ChromAr  sheet  in  a  hood 
for  5  minutes,  zones  for  the  standard  TNT,  RDX,  and  Tetryl  were  located  as  dark 
spot 8  under  254  nm  UV  light  Corresponding  areas  to  the  left  of  these  standards 
were  cut  out  of  the  ChromAr  sheet  by  means  of  a  cork-borer,  and  transferred  to  a 
5-0  ml  beaker..  These  ChromAr  discs  w*  extracted  three  to  four  times  with  a 
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total  of  1.0  to  1.5  ml  of  benzene  by  swirling  and  decantation.  The  benzene 
extracts  were  combined  into  a  2.0  ml  sample  tube  with  a  tapered  bottom  and  the 
benzene  completely  removed  under  reduced  pressure  (17-20mm/20oC).  A  total  of 
50  ^1  of  benzene  was  added  to  the  tapered  tube  together  with  5  m  1  of  o-dinitrobei- 
zene  (4.5  X  10  ^g/**l)  as  internal  standard.  After  throughly  mixing,  a  5  to  6  n  1 
injection  of  this  solution  was  made  into  the  gas  chromatograph.  At-  this  point, 
the  procedure  follows  that  reported  for  the  analysis  of  sea  water. 

(c)  Fauna 

Rat  tail  fish  and  sea  cucumbers  were  analyzed  for  TFT,  RDX,  and  Tetryl  content 

with  some  modification  of  the  procedure  of  that  given  in  (2).  Seventeen  to 

43-7  grams  of  the  fauna  sample  was  homogenized  with  50  to  75  ml  benzene  in  a 

Waring  Blender  for  5  minutes.  1Mb  mixture  was  then  centrifuged  for  5  minutes 

and  the  supernatant  benzene  layer  filtered  through  a  Versapor  membrane  filter  w:  . 

a  pore  size  of  1.2  microns  (Gilma .  Instrument  Company,  Cat.  No.  6425).  The  riear, 

slightly  yellow-orange  benzene  filtrate  was  transferred  to  a  clean,  r.b.  100  ml 

flask  and  analyzed  as  in  procedure  (b).  To  make  certain  that  the  zones  for  TNT, 

RDX,  anu  Tetryl  would  be  completely  separated  from  the  organic  dyes  and  other 

matter  of  the  samples  soluble  in  benzene,  the  ChromAr  TLC  sheets’  were  developed 

a  total  of  three  times  with  a  drying  period  of  10  minutes  between  each  elution. 

Failure  to  completely  separate  these  zones  from  organic  interferences  will  cause 

high  backgrounds  in  the  vapor  phase  chromatograph! ?  traces. 

-7  -7 

By  i'.tentional  injection  of  4.1  X  10  g  TJfT,  11  X  10  g  RDX,  and 
*7 

17  X  10  g  Tetryl  into  a  51.4  gram,  rea  cucumber,  followed  by  subsequent  vork-up 

and  aniysis,  limits  of  detection  for  TNT,  RDX,  and  Tetryl  are  estimated  to  be 

12 

47,  123,  and  740  parts  per  trillion,  (10  )  respectively. 
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B.  Inorganic:  Ammonium  Perchlorate 

(a)  Sea  Water 

An  analytical  procedure  has  been  established  for  the  determination  of  ammonium 
perchlorate  in  sea  water  at  a  concentration  down  to  one  part  per  million.  It  is 
based  on  the  use  of  an  ion  specific  electrode,  (Orion  Research  Corporation)  which 
develops  a  potential  across  a  thin  porous  inert  membrane. 

Hie  potential  measured  is  a  function  of  perchlorate  concentration.  A  reference 
curve  is  prepared  using  a  standard  (Copenhagen)  sea  water  to  which  is  added  known 
amounts  of  perchlorate.  Differences  in  sea  water  samples  may  contribute  to  a 
small  uncertainty  in  the  measurements,  particularly  at  low  concentration.  For 
clear  sea  vater,  the  method  gives  satisfactory  results  in  the  1  ppm  range,  using 
a  Beckman  Research  pH  Meter. 

Ammonium  perchlorate  may  also  be  determined  by  a  reaction  with  tetraphenylar- 
sonium  chloride  which  forms  a  very  insoluble  salt,  tetraphtnylarsonium  perchlo¬ 
rate  (3).  The  reaction  produces  a  very  distinct  turbidity  with  1  ppm  ammonium 
perchlorate  in  sea  water.  With  the  aid  of  a  Coleman  Nepho-Colorimeter,  one  nay 
obtain  analyses  appi caching  0.1  ppm  ammonium  perchlorate.  However,  if  the  solution 
is  too  dark,  this  instrument  cannot  be  used.  In  that  case,  the  ammonium  perchlorate 
can  be  determined  visually  by  passing  a  narrow  beam  of  light  through  a  glass  con¬ 
tainer  with  the  finely  divided  tetraphenylarsoaium  perchlorate.  About  0.1  ppm  may 
be  estimated  reasonably  well. 

(b)  Sediment 

A  sediment  sample  of  25  to  35  grams  was  stirred  with  distilled  water  for 
several  hours,  after  which  the  sediment  was  removed  using  a  centrifuge.  Ammonium 
perchlorate  was  measured  by  the  turbidity  of  tetraphenylarsoaium  perchlorate. 
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(c)  Fauna 

Water  was  used  to  extract  ammonium  perchlorate  from  the  fauna  samples  of  about 
25  grama.  Snail  pieces  were  stirred  under  about  100  ml  water  for  at  least 
eight  hours .  Small  particles  of  fauna  could  not  be  removed  from  the  water  either 
by  filtration  or  by  separation  using  a  centrifuge.  However.,  these  particles  were 
coagulated  with  hydrochloric  acid.  To  the  clear  filtered  solution,  tetraphenylar- 
soaiu*  chloride  was  added  for  a  perchlorate  determination.  The  ion  specific 
electrode  cannot  be  used  with  the  fauna  extract  as  a  spurious  reading  is  obtained. 

DISCUSSION 

In  none  of  the  samples  did  we  find  explosive  materials.  The  gas  chromatograph 
described  is  a  particularly  sensitive  instrument.  If  explosive  contaminants  are 
present,  they  must  be  at  concentration  levels  below  those  previously  stated.  In 
the  case  of  water  samples,  only  the  two  lowest  level  samples  were  analyzed. 

Other  levels  were  sampled  to  obtain  a  vertical  distribution  or  toe  explosive  con- 
taminant,  and  were  to  be  analyzed  only  if  explosives  were  detected  in  the  bottom 
area.  It  is  quite  fortunate  that  water  samples  from  station  1  off  the  we3t  coast 
were  received  as  this  station  represents  the  center  of  the  dumping  area.  IV 
explosive  contaminant?  are  not  present  in  the  center  of  the  dumping  area,  the 
probability  is  near  zero  that  any  would  be  found  from  2  to  15  miles  away  from  the 
center. 

In  any  project  dealing  with  trace  detection  and  determination  of  chemical 
species,  extreme  care  must  be  used  in  the  selection  of  sample  containers  and  in 
the  actual  handling  of  the  samples.  Instructions  were  provided  for  shipboard 
personnel  taking  the  samples.  That  these  instructions  were  followed  was  substan¬ 
tiated  by  the  relatively  low  background  "noise"  in  the  gas  chromatograph  traces. 
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APPENDIX  A 

SAMPLE  HANDLING  INSTRUCTIONS 

Ubc  new  pyrex  bottles,  250  to  500  ml  size,  with  a  Standard  Taper  Stopper. 

The  bottles  should  be  washed  with  soap  and  water  and  tnen  given  at  least  five 
rinses  with  good  quality  water.  Do  not  touch  the  ground  glass  surface  of  the 
stopper,  or  allow  the  surface  to  touch  any  contaminant .  When  necessary,  the 
stoppers  may  be  placed  on  aluminum  foil,  which  provides  a  good  clean  surface. 
Rinse  the  bottles  at  least  twice  with  50  to  60  ml  of  the  sea  water  sample  to  be 
returned.  Finally,  fill  the  bottle  and  hold  the  stopper  in  place  with  a  sturdy 
tape.  Electrical  Insulating  tape  works  very  well.  Store  the  samples  in  a  cool 
dark  place  prior  to  return  for  analysis.  Do  not  freeze.  Wide  mouth  bottles 
should  be  used  for  the  fauna  samples.  The  bottles  should  be  new  and  the  same 
meticulous  care  used  in  cleaning  and  handling  these  as  the  other  sample  bottles. 
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